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Summary
Background: Perioperative aspiration is a rare but potentially devastating complication, occurring in 1-10 per 10 000 anesthetics based on studies of quality assurance databases. Quality assurance reporting is known to underestimate the incidence of adverse outcomes, but few large studies use supplementary data sources. This study aims to identify the incidence of and risk factors for perioperative aspiration in children using quality assurance data supplemented by administrative billing records, and to examine the utility of billing data as a supplementary data source.
Methods: Aspiration events for children receiving anesthesia at a tertiary care pediatric hospital between 2008 and 2014 were identified using (i) a perioperative quality assurance database and (ii) hospital administrative billing records with International Classification of Diseases, Ninth Revision Clinical Modification coded diagnoses of aspiration. Records were subject to review by pediatric anesthesiologists. Following identification of all aspiration events, the incidence of perioperative aspiration was calculated and risk factors were assessed.
Results: 47 272 anesthetic cases were evaluated over 7 years. The quality assurance database identified 20 cases of perioperative aspiration occurring in surgical inpatients, same-day admissions, and outpatients. Using hospital administrative data (which excludes outpatients with shorter than a 24-hour stay), 9 cases of perioperative aspiration were identified of which 6 had not been found through quality assurance data. Overall, International Classification of Diseases, Ninth Revision coding demonstrated a positive predictive value of 94.5% for any aspiration event; however, positive predictive value was <4% for perioperative aspiration. A total incidence of 5.5 perioperative aspirations per 10 000 (95% CI: 3.7-8.0 per 10 000) anesthetics was found.
Conclusion: Quality assurance data offer an efficient way to measure the incidence of rare events, but may underestimate perioperative complications. International Classification of Diseases, Ninth Revision codes for aspiration used as a secondary data source were nonspecific for perioperative aspiration, but when combined with record review yielded a 30% increase in identified cases of aspiration over quality assurance data alone. The use of administrative data therefore holds potential for supplementing quality assurance studies of rare complications. 
| INTRODUCTION
Perioperative aspiration is currently viewed as a rare but potentially devastating complication, with reports from large, retrospective, quality assurance (QA) database studies showing an incidence of <1 to 4.7 in 10 000 anesthetic cases in adult and mixed age populations. [1] [2] [3] [4] [5] A subgroup analysis of one of these studies found that children aged 0-9 years old experienced twice the risk of aspiration compared to other ages. 2 Subsequent pediatric-specific studies have reported an incidence ranging from~1 in 10 000 to as high as 10.2 in 10 000. [6] [7] [8] [9] [10] [11] [12] Analysis of risk factors for aspiration in adults has found ASA status and emergency surgery to be significantly associated with higher incidence of aspiration. 4 Studies in children alone as well as in mixed populations confirm with varying consistency these risk factors, and additionally suggest that risk for aspiration is increased in children of younger age and higher body weight. 1, 7, 8, 11, 12 A recent study, based on the Pediatric Sedation Research Consortium's database, did not identify lack of nil per os status as a risk factor for aspiration in the largest study to date of pediatric sedation cases. 6 Though numerous sequelae have been described in the above pediatric studies, such as unplanned admission, prolonged intubation, sepsis, and other morbidity, there have been no mortalities described.
Published studies examining perioperative pulmonary aspiration in children rely nearly exclusively on data derived from large voluntary databases such as QA databases. While the use of QA databases can efficiently assess rare outcomes in large populations, these data are captured through voluntary reporting from the medical provider, and as a result have been found to underreport complications. [13] [14] [15] [16] The goals of this study were to (i) determine whether the use of multiple data sources including QA data can enhance the identification of aspiration events at a single tertiary medical center, and (ii) evaluate the incidence of and risk factors for perioperative aspiration in children at our center using multiple sources of aspiration reporting.
| MATERIALS AND METHODS
Following IRB approval, perioperative pulmonary aspiration was identified using 2 independent data sources at Columbia University Medical Center (CUMC): the pediatric quality assurance (QA) database and hospital administrative billing records from January 2008 to December 2014. All patients aged 18 years or younger were included in this study.
| Quality assurance database
Perioperative QA data have been recorded for all pediatric operating room and offsite procedures at CUMC beginning in 2008. 
| Hospital administrative billing data
Hospital administrative billing data are generated based on information from the medical record, and typically includes patients
What is already known
• Perioperative aspiration is a rare but potentially devastating complication of anesthesia, with studies of rates and risk factors in children based exclusively on quality assurance databases.
• Quality assurance databases and other voluntary-reported sources likely underestimate hospital complications.
• Secondary data sources have been used with limited effi- 
What this article adds
• The positive predictive value (PPV) of ICD-9 codes in administrative billing data to identify any cases of aspiration was 94.5% overall, but only 3.5% for aspiration specific to the perioperative period.
• Upon expert review of the patients identified through administrative data, we found that quality assurance data underestimated the rate of perioperative aspiration at our institution by at least 30%.
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| 219 requiring at least a 24-hour stay in the hospital. Upon discharge, data regarding the principal diagnosis and procedures as well as any additional diagnoses and procedures are extracted from the medical record by professional coders. 18 For this study, the hospital administrative data were surveyed for all inpatient admissions in which children received an anesthetic according to anesthesiology departmental billing records from the time period 2008 to 2014.
Hospital discharge billing records for all of these admissions were then requested from the hospital Clinical Data Warehouse, which house all hospital administrative data and electronic health records.
Cases of aspiration were identified using International Classification of Diseases 9th Revision (ICD-9) codes 997.32 (postprocedural aspiration pneumonia) and 507.0 (pneumonitis due to inhalation of food or vomitus). A formal data collection form was completed to gather data on each ICD-9-coded aspiration.
| Chart review of aspiration cases
Cases identified with either of the above ICD-9 codes for aspiration in the hospital discharge billing records were subject to an initial in- The aspiration was deemed perioperative if it occurred between the time at which the patient entered the operating room and 2 hours after completion of the procedure. Any discrepancies resulting from this secondary review were resolved with further review and discussion and required agreement between the 2 reviewers.
These verified perioperative aspiration events were then also assessed to determine patient comorbidities, initial airway management, and phase of detection of aspiration. They were also assessed for escalation of care including treatment with antibiotics, 12 additional airway management such as unplanned intubation, unplanned hospital admission, and unplanned ICU admission. Lastly, the cases were evaluated for the presence of any long-term sequelae at discharge such as hypoxic brain injury, new neurologic deficits, complications related to prolonged intubation, or complications of infection/sepsis.
Cases identified as perioperative aspiration in the QA database were subject to detailed review of the electronic medical record to determine patient comorbidities, initial airway management, phase of detection of aspiration, escalation of care, and sequelae at discharge.
The validity of the reports of aspiration events recorded in the QA database however were not subject to scrutiny from 2 additional reviewers like the billing data, as they were directly reported by the pediatric anesthesia team caring for the patient at the time of aspiration.
| Statistical analysis
The incidence of aspiration was initially calculated using the QA data alone, and then re-calculated after including additional verified aspiration events as identified by the hospital administrative billing records. Confidence intervals for incidence were calculated using a
Wilson's score interval. Positive predictive value (PPV) was calculated for the 507.0 (pneumonitis due to inhalation of food or vomitus) ICD-9 code for recognizing (i) aspiration occurring at some point during the hospitalization (including aspiration as a reason for admission) as well as (ii) perioperative aspiration, according to the following formula: true positives/(true positives + false positives).
The records with aspiration as identified by either of the 2 data sources were then evaluated for risk factors using the demographic data from our QA database. Demographic and clinical variables including age, height, weight, sex, location (operating room or offsite), emergency status, and ASA classification were evaluated to determine the association with an aspiration event. Significant differences in any these variables between children with aspiration and without aspiration were evaluated using T tests for continuous variables and chi-square tests for categorical variables. Significance was set at an a priori P-value of .05. For each variable, children with missing values were excluded from analysis.
The data analysis for this paper was generated using SAS â soft- for admission) was 95%; however, the PPV for specifically recognizing perioperative aspiration using that code was 3.5%. 
| Comparison of children with and without perioperative aspiration
The characteristics of the patient records with and without documented aspiration during hospital admission are presented in Table 1 . Children with aspiration were similar in age, height, weight, sex, location (operating room or offsite), emergency status, and ASA status compared with children with no reported aspiration.
| Description of children with perioperative aspiration
The 26 children with reported perioperative aspiration are described in Table 2 . Of these children, 46% (n = 12) had preexisting neuro- mask airway in 15% (n = 4) of the cases, and general anesthesia without any airway devices in 35% (n = 9) of the cases.
| Outcomes in children with perioperative aspiration
Among the 26 cases of aspiration, 69% (n = 18) required an escalation of care. Treatment with antibiotics was initiated in 11 children (42%), who received at least 1 dose. Additional airway management was required, including unplanned intubation intra-and postoperatively, in 9 (35%) cases. Of the 12 patients who were scheduled as outpatients, 25% (n = 3) required unplanned hospital admission. Two patients remained intubated postoperatively. There was 1 case in which unplanned ICU admission was required following aspiration.
At the time of hospital discharge, no associated mortality or longterm morbidity was identified following perioperative aspiration.
| DISCUSSION
Anesthesia-related pulmonary aspiration was found to be a rare event at our pediatric tertiary care center. Our findings of an incidence of 5.5 aspirations in 10 000 cases is within the range of previously published studies and does not differ substantially from rates reported in adults, while employing a comparable sample size. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, the incidence of aspiration described in the present study is double that of the most recent large-scale QA-only audit of pediatric cases, completed in another pediatric tertiary care center in Singapore. 8 While this discrepancy may be due in part to differences in anesthetic practice between institutions or risk between the 2 populations, underreporting in voluntary QA data likely also played a role.
While other studies have reported the incidence and risk factors of perioperative pulmonary aspiration, the novelty of this study lies in the use of administrative data to supplement the QA data. To our knowledge, there are no pediatric studies of aspiration to date which employ secondary data sources to enhance capture of cases of aspiration, as well as no studies to assess the validity of ICD-9 coding of perioperative aspiration either in children or adults.
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The large-scale studies of perioperative aspiration to date have been performed in various populations. Three studies were performed in mixed cohorts of adults and children, 2 exclusively in adults, and 6 focused specifically on children. Of these 11 studies, 9 relied exclusively on voluntary reporting methods such as QA databases or surveys given to anesthesiologists to report complications.
The most recent study surveyed providers over a focused 2-week study period from 261 centers in Europe, finding the risk of aspiration events to be within the range of previous reports.
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Two studies however did include some use of a secondary data source to enhance capture of aspiration events. The first, a study in adults, performed a text search of the hospital wide medical archive recording system for keywords "pulmonary aspiration" and "perioperative" or "postoperative", ultimately identifying 1 additional case outside of their QA data for an 8% increase in yield. 3 The second, a mixed study of adults and children, probed the county inpatient register in Stockholm, Sweden, for all cases of "aspiration pneumonitis"
and identified 4 additional cases of aspiration beyond what could be identified using their QA data for a 5% increase in yield. While other ICD-9-coded adverse events have been evaluated, validation of the accuracy of ICD-9 codes for aspiration has not yet been performed. 19, 20 In our population of children who received anesthesia, the positive predictive value (PPV) of the 507.0 (pneumonitis due to inhalation of food or vomitus) ICD-9 code was high (95%) for recognizing aspiration at some point during the hospitalization (including patients with aspiration as a reason for admission).
However, when used to identify perioperative aspiration in this cohort, the PPV of the code was low (3.5%). This is not entirely unexpected because that code is not specific to perioperative aspiration. The ICD-9 code specific to perioperative aspiration: 997.32
(postprocedural aspiration pneumonia) was recorded only once during the 7 years surveyed, and that child was ultimately deemed not to have had a verified perioperative aspiration. As a result, this specific code would not be useful in identifying perioperative aspiration.
Hospital administrative billing data typically includes patients who stay in the hospital for at least 24 hours. Thus, children undergoing outpatient procedures who aspirated but did not demonstrate symptoms requiring further inpatient observation were not recorded in our billing data. Billing data were also unable to detect 7 of the QA-reported inpatient perioperative aspirations, due likely in part to limited documentation of these events. One of these cases, for instance, had been documented only on the QA form and not in any subsequent patient notes. Therefore, aspirations discovered through billing data are more likely to represent events with sequelae recognized by the primary team. These severe complications are important to include in studies of adverse outcomes and some were found to be missed by our QA database.
While we were able to identify additional aspiration events using billing data, there are likely to still be unrecognized perioperative aspiration events. This can occur for a number of reasons including the lack of diagnosis while the patient was still in the hospital, the lack of adequate documentation by providers, or lack of recognition EISLER ET AL.
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by the coder entering the ICD-9 code into the billing records. For example, though all children with the codes for pneumonitis due to the inhalation of food/vomitus and postprocedural aspiration pneumonia were reviewed, it is possible that aspirations could be misclassified as other conditions such as pneumonia or not coded at all.
While over 250 records needed to be reviewed to identify an additional 6 patients with aspiration, changes to hospital billing may improve the efficiency of this method as hospital billing begins to include variables indicating whether certain conditions were "present on admission" (POA). 21 The capability to remove cases of aspiration based on POA status would reduce the record review by 50%, as demonstrated by findings at our institution. Hospital billing in the United States has also recently switched to ICD-10 codes on October 1, 2015. 22 As medical billing and coding specialists gain experience in using ICD-10 codes, the accuracy of hospital billing data may also change. For example, ICD-10 has a code specifically for anesthesia-related aspiration: (J95.4: Chemical pneumonitis due to anesthesia).
In prior studies, several risk factors have been identified as being associated with perioperative pulmonary aspiration including higher ASA status, younger age, and emergent surgery. 1, 4, 7, 8, 11 Such associations were not found in the present study. Since perioperative aspiration is an extremely rare event and may depend on the patient populations studied as well as the clinical practice at each institution, it is possible that risk factors may vary between centers, complicating the prediction of aspiration risk. For example, aspiration was noted in our study to occur with equal likelihood during induction as during maintenance, which is in contrast to prior findings regarding timing. 1, 8, 12 In comparing our outcome with previously published findings from years ago, it should also be noted that practices and medications have changed substantially over the past several decades.
In patients with confirmed aspiration, escalation of care included treatment with antibiotics, unplanned intubation intra-or postoperatively, increased length of stay for outpatients, and ICU transfer.
Treatment with antibiotics and/or unplanned intraoperative intubation was the most common care escalations, with 31% of patients having no documented escalation of care. None of the patients in whom aspiration occurred were noted to have any long-term sequelae or to have suffered mortality at discharge, and this is largely consistent with the published literature to date.
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While ICD-9 codes for aspiration cannot be used to independently identify perioperative aspiration events, by employing expert review in combination with these codes, we were able to significantly increase the number of aspiration events identified beyond those recorded in our departmental QA database. This finding underscores the fact that many adverse events are likely missed by voluntary reporting methods and that secondary data sources are effective in identifying additional events. Though large-scale QA databases are still valuable for studying rare perioperative outcomes when no other data source is available, it is important to recognize that adverse outcomes are likely to occur at a significantly higher rate than is reported by such studies.
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